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A  SUMMARY  REFIEIJ  OF  INVESTIGATIONS  ON 
ALLIGATORUEED  AND  ITS  CONTROL  1/ 

Lyle  W.  Ueldon  ^ 

Since  the  introduction  of  alii  gat  orueed,  its  spread  through¬ 
out  the  southeastern  United  States  and  its  detrimental  effects  have 
become  uell  knoxm.  Various  approaches  to  the  problem  and  many 
attempts  at  controlling  alligatorveed  have  not  as  yet  yielded  an 
entirely  satisfactory  solution.  To  expand  this  uork,  an  agreement 

3/ 

(l)^7  was  entered  into  by  the  Agricultural  Research  Service  of  the 
U,  S0  Department  of  Agriculture  and  the  Corps  of  Engineers,  Depart¬ 
ment  of  the  Amy,  to  reviou  existing  literature  and  unpublished  data 
^  * 

to  serve  as  a  basis  for  further  research  on  the  control  of  alligator- 
ueed.  All  information  available  on  plant  morphology,  physiology, 
propagation,  and  environmental  peculiarities  as  veil  as  that  relating 
to  the  control  and  eradication  of  alligatonreed  by  biological,  chemi¬ 
cal,  and  other  means  vas  reviewed  and  analysed  for  thi3  report. 


“^Cooperative  investigations  under  the  Agreement  (Req.  No. 
08-123“ENG-i45“60G)  between  the  Agricultural  Research  Service,  U.  S. 
Department  of  Agriculture  and  the  Corps  of  Engineers,  Department  of 
the  Amy. 
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-J  Research  Agronomist,  Crops  Research  Division,  Agricultural 
Research  Service,  U*  S„  Department  of  Agriculture,  Fort  Lauderdale, 
Florida. 
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Nunfoers  in  parenthesis  refer  to  reference  material  cited. 
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OroORAFHICAL  DISTRIBUTION  .AM)  IMPORTANCE 

Alligatorweed,  AJLtem^ntbora  pbj.loxeroidc3,  wa3  first 
described  in  1826  according  to  Smith  and  Downs  (5U)  who  recently 
traced  the  earlier  taxonomic  work  by  various  individuals.  These 
are  listed  a3  follora:  Pucholzia  philoxeroide3  Hart.  Nova  Acta  Acad. 
Loop.  -  Carol  13,  pt.  2:315.  1826.  Telantbera  philoxeroides  Koq. 

in  DC.  Prod.  13,  pt.  1:362.  181*9.  Seubert  in  Hart.  FI.  Bras.  5,  pt. 

Isl69,  pi.  51.  10?5.  A.  philoxoroidc3  (Hart.)  Gri3eb,  Abh.  Geo. 

Hiss.  Goett.  2l*:36.  1879.  Acbyrantbo3  philoxeroide3  Standi.  Jcurn. 

Washington  Acad.  Sci.  5s7-U.  1915.  Covas,  Darwiniana  5:355,  Tig. 

9  A-F.  19i.il.  Theso  are  early  names.  Tor  the  plant  now  known  as 
Altornardbera  pbiloxoroidos.  Smith  and  Downs  report  the  present 
distribution  a3:  Banks  of  rivers  and  in  marsh  areas  in  Arangera, 
llondair  (along  the  banks  of  the  Uruguay  Rivor),  altitude  200-300  m, 
Porto  Uniao;  (along  the  banks  of  the  Iguacu  River  and  east  of  For to 
Uniao) 5  altitude  750  m. ;  Southeastern  United  States j  Brazil;  and 
Argentina. 

Brown  (15)  reported  the  plant  was  discovered  in  Florida  in 
l89ii,  but  actual  reference  wa3  not  found  to  substantiate  that  date. 
Mohr  (1*2)  discovered  the  plant  growing  in  the  United  States  and 
reported  his  findings  in  1901.  Ho  reports  that  it  wa3  found  in 
September,  1897,  near  Mobile,  Alabama,  completely  filling  a  creek. 

Ho  states  that  the  source  of  introduction  was  from  We3t  Indies  and 
Brazil  (S.  Paulo,  Bahiam,  and  Buenos  Aires).  Harper  (30)  quotes 
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Small  as  describing  the  plant  in  1903*  Standley  (55)  described  the 
plant  a3  Achyranthca  philoxeroide3  (llarto)  Standley. 

Other  species  of  the  genu3  Alternantbera  have  been  described. 
For3kal  (27)  reported  that  Alternanthera  3pecie3  were  being  used  in 
1775  a3  a  fodder  for  livestock.  Alternantbera  achyr ant-ha  R.  Br.  was 
found  in  southern  Africa  about  1910  (Ii6),  and  wa3  introduced  into  that 
area  from  South  America  during  the  Boer  War  (2).  Thi3  creeping  form 
(31-0  became  a  weed  in  that  area  (17) .  The  only  control  measures 
reported  liave  been  the  U3e  of  a  smother  crop,  sodium  chlorate,  or  a 
0,2  percent  arsenic  solution  (76),  A.  echinata  J.  E.  Sm.  ha3  been 
reported  a3  a  weed  in  South  Africa  (Jf3 )  and  of  India  (33) ,  Andrews 
(10,  Singh  (52),  and  Jochems  (32)  reported  A.  se33ili3  (L.)  R.  Br ,  as 
being  a  weed  that  invades  waterways  from  the  bank.  A.  repens  (L. )  0. 
Ktze,  i3  considered  a  weed  of  Australia  (hh)  •  U3e  of  2,li-dichloro- 
phenoxy acetic  acid  [2,1;-D]  is  ineffective  on  A.  repens,  and  soil 
3tor Hants  such  as  sodium  chlorate  and  the  arsenicals  have  shown 
3ome  promise  for  control. 

Vogt  (?2)  studied  over  1,500  herbarium  specimens  of  -Alternanthera 
in  the  U,  S.  National  Herbarium.  Thi3  included  approximately  80  species 
of  Alternanthe ra.  He  found  the  following  geographical  distribution: 


Geographic  Region 


Approximate  Number  of  Species 


West  Indies 


Asia  and  Hal ays i a 


Africa 


Mexico  and  Central  America 


United  States  of  America 


South  America 


6 

19 

15 

69 

111 

h 


Australia 
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Engler  and  Prantl  ( 2h )  reported  A.  philoxeroides  a3  grcn-ring 
in  Java  in  1093,  tiiilo  Backer  (9)  indicated  it  wa3  still  found  in 
that  area  in  1930.  It  was  not  listed  a3  a  weed  in  Java  until  I9I4O 
(51)  and  it  i3  not  certain  that  the  plant  listed  wa3  A.  philoxeroides. 

A.  pbiIoxeroidc3  continued  to  spread  from  its  original 
infestation  in  189U  and  now  occupies  thousands  of  acres  from  Texas 
to  North  Carolina.  Bellue  (12)  ha3  reported  a  vigorous  infestation 
on  swampy  land  in  L03  Angeles,  California.  Ma33cy  (39,140)  has  also 
reported  several  infestations  in  Virginia.  Wilson  (75)  reported  lU 
counties  of  North  Carolina  as  being  infested  with  the  weed.  Consider¬ 
able  work  has  been  done  in  assembling  the  overall  picture  of  aquatic 
used  control  by  the  Corps  of  Fhgineor3.  A  report  wa3  referred  to  the 
House  Committee  on  Public  Works  in  1956  (73)»  The  results  of  a  large 
survey  conducted  in  19^6  and  19li7  showed  there  were  approximately 
13,620  acro3  of  alii  gat  orweed  in  South  Carolina,  2I4  acres  in  Florida, 

2,392  acres  in  Alabama,  and  13  acres  in  Mississippi.  Acreage  figures 
are  not  available  for  Louisiana,  Texas,  and  North  Carolina.  Hammack 
(28)  has  reported  similar  data  probably  from  tho  same  survey. 

West  (7h) ,  Stephens  (60),  lynch  et  al.  (35),  and  many  others 
have  reported  aHigatorwced  as  a  severe  weed  and  as  one  having  great 
potential  of  developing  into  a  most  serious  problem  to  many  different 
industries,  Lynch  (36)  pointed  out  that  mat3  of  water  hyacinth  and 
alligatorveed  kill  fresh-water  fi3h  by  reducing  the  oxygen  content 
of  the  water.  The  most  important  aspect  of  this  kill  is  that  the 

| 

game  and  pan  fish  have  a  higher  oxygen  demand  than  predatory  fish. 
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Thus  the  predatory  fish  survive,  multiply,  and  hinder  reproduction 
of  the  desirable  fish.  Alligatorweed  causes  the  most  damage  in  the 

i 

emergent  zones  of  the  fresh  and  slightly  brackish  marshes.  Lynch 

i 

observed  that  decomposing  mats  of  alligatorueed  produce  quantities 
of  hydrogen  sulfide,  a  gas  uhich  is  highly  toxic  to  fish  and  other 
aquatic  organisms.  He  estimated  in  19h7  that  there  were  500,000 
acres  of  Louisiana  wetlands  infested  by  alii gat orweed  and  water 
hyacinth.  He  further  estimated  (37)  in  19h9  the  value  of  the  mid¬ 
life  and  fishery  crops  of  Louisiana  to  be  20  million  dollars  for  fresh¬ 
water  fish,  frogs,  turtles,  and  crayfish,  and  10  million  dollars  for 
fur  animals  most  of  uhich  are  threatened  by  alligatorweed  as  it 
readily  replaces  Typha,  Sagittaria,  SLeocharis,  and  other  desirable 
wildlife  food  plants.  The  detrimental  effects  of  alligatorweed  in 
navigational  waterways  and  irrigation  systems  are  further  described 
(20,1*7,77). 

Alford  (2,3)  is  one  of  the  few  persons  to  try  to  utilize  the 
plant.  Starkey  of  Clemson  College  upon  the  request  of  Alford  analyzed 
alligatorweed  and  found  it  high  in  iron  and  had  considerable  dextrose 
sugar.  He  compares  it  favorably  with  silage  harvested  a  little  too 
green. 

BOTANICAL  DESCRIPTION 

Small  (53)  gives  the  following  description  of  A.  philoxeroides: 
Stem  and  branches  decumbent  or  prostrate,  stout,  often  fistulous, 

JS’*  .  - 
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3- Uj  cm«  long,  glabrous,  except  at  the  leaf-axil3,  and  sometimes 
near  the  tip3:  leaf -blades  3-11  cm.  long,  acute  or  obtuse:  sepals 
lanceolate,  elliptic,  or  ovate  elliptic,  becoming  6  mm.  long. 

Penfound  (1*3)  studied  the  plant  quite  thoroughly  and  give3  the 
following  anatomical  and  morphological  description:  "the  primary 
xylcm  of  the  roots  i3  triarch  and  the  secondary  xylem  is  compact  and 
constitutes  about  two-third3  the  diameter  of  the  root.  The  cortex 
contains  no  acrenchyma.  The  cork  i3  relatively  thin  and  only  slightly 
color od0  The  hypocotyl  region  of  the  stem  i3  very  small  and  without 
aerenchyma.  The  bundles  vary  from  8  to  12  in  number  and  are  relatively 
small  in  cro33-section0  Adventitious  root3  are  found  at  each  node. 

The  cortex  at  thi3  point  is  not  aerenchymou3,  but  the  hollow  pith 

e 

affords  buoyancy  for  the  plants.  The  stem  increases  in  3ize  until 
it  gets  above  water  where  it  is  about  three  times  as  large  as  at  the 
hypocotyl.  There  is  a  slight  increase  in  the  acrenchymous  nature  of 
the  cortex,  but  the  diameter  increase  is  due  mostly  to  the  increase 
in  size  of  the  intornal  cavity. 

The  leaves  are  oblanceolate  to  spatulate  in  shape  with  a  very 
distinct  midvein.  Under  the  epidermis  i3  a  layer  of  well  developed 
coUenchyma,  then  three  f ibro-vascular  bundles  found  in  a  mass  of 
parenchyma  with  no  supporting  tissue,  and  then  a  layer  of  poorly 
developed  coUenchyma. 

The  flowers  are  perfect  and  disposed  in  headlike  3pikes  with 
white  sepal3.  These  petaloid  sepal3  surround  a  peculiar  stamen  tube 
which  bears  stamens  and  3taminodia  alternately  on  its  upper  rim.  A 
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top-shapod  pistil,  irith  a  short  style,  completes  the  flouer. 

Penfound  uas  not  able  to  find  mature  alligatorueed  seed. 

Penfound  also  observed  that  the  roots  of  alligatorueed  uould 
not  penetrate  the  soil  uhen  the  plant  uas  floating.  He  states  that 
as  the  uater  subsides  the  roots  enter  the  soil  and  the  plant  takes 
on  the  grouth  habit  of  other  perennial  terrestrial  plants.  The  plant 
grous  attached  to  the  bank  and  then  laterally  out  over  the  surface  of 
the  uater.  When  the  plant  becomes  detached  from  the  bank,  it  uill 
continue  to  grou  as  a  free-floating  mat.  If  the  floating  mat  comes 
into  contact  uith  nonflooded  soil,  either  by  uater  subsiding  or  by 
floating  against  a  bank,  the  plants  revert  to  their  rooted  habit  of 
grouth.  The  plant  seems  to  thrive  either  as  a  strictly  terrestrial 
plant  under  field  conditions  or  emergent  from  the  mud  up  through  as 
much  as  three  feet  of  uater.  Studies  have  not  been  conducted  to 
determine  iliether  or  not  the  plant  can  grou  up  through  the  uater  to 
reach  the  uater  surface,  as  can  other  emergent  aquatics  such  as  Typha. 

Penfound  (h5)  appears  to  be  the  only  individual  that  has 
reported  observations  on  the  life  history  of  the  plant.  His  obser¬ 
vations  uero  made  along  Wilson  Dam  in  Alabama.  The  grox/th  Was 
loosely  attached  to  the  banks,  but  frost  during  the  uinter  evidently 
killed  back  the  plants  to  the  mud.  First  grouth  appeared  March  17 
and  the  shoots  uere  approximately  1^  inches  long  by  May  1.  Some  of 
the  shoots  uere  200  inches  long  by  September  and  the  band  of  alli¬ 
gatorueed  had  attained  a  maximum  uidth  of  15>  feet. 

Arceneaux  and  Hebert  (5)  reported  that  alligatorueed  grouing 
on  terrestrial  sites  has  a  very  extensive  root  system.  They  found 
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ho22h  tons  of  roots  par  acre  in  the  surface  four  inches  of  soil.  The 
amount  of  roots  per  given  area  decreased  from  four  inches  on  down  to 
16  inches.  They  found  '{ *29h  tons  of  root3  and  rhizomes  per  acre  16 
inches  of  ooilo  They  do  not  indicate  soil  texture,  structure  or 
moisture  content , 

Hitchcock  et  al .  (31)  found  that  an  application  of  sodium 
1-nap thalone-acetate  induced  seed  set  of  alligatorweed,  The  seed 
was  oval,  2  mm  in  length  and  had  two  wings  on  opposite  sides.  No 
other  seed  has  boon  noted  by  other  investigators  even  though  alligator- 
weed  is  a  prolific  flowering  plant. 

Earle  et  al.  (21)  conducted  the  only  work  reported  on  the 
movement  of  herbicidos  within  alligatorweed.  They  used  2,14-DC"''^,  a 
radioactive  form  of  2,Ii-D^  in  their  studies.  Their  studies  showed 
the  average  rate  of  upward  travel  of  2,U-DC'1'^  in  alligatorweed  was 
about  Iu3  cm/hr  and  the  downward  rate  was  h»2  cm/hr.  The  radioactive 
material  traveled  to  the  top  or  groining  tip  of  each  plant  but  down¬ 
ward  movement  was  only  one  or  two  interned e3«  They  found  an  accumu¬ 
lation  of  2,1*-DC^  at  the  nodes.  Tween  20  was  used  as  a  solvent  for 
2,U-D  and  there  m3  greater  absorption  of  2,U-DC^  into  plants  when 
it  was  used.  Hox^ever,  they  state  there  was  no  dependence  of  rate  of 
travel  in  the  plant  on  the  solvent,  or  on  the  quantity  of  2,U-DC^ 
absorbed  by  the  plant.  There  appears  to  be  some  confusion  in  these 
two  statements  as  to  whether  or  not  solvent  affected  the  amount  of 
2,  b-DCT^  absorption.  The  same  group  ( U8)  further  reported  that  a 
wetting  agent  did  affect  the  quantity  of  2,li-D  absorbed,  but  did  not 
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affect  the  rate  of  travel  or  the  distance  traveled  in  alii gator need. 
The  mode  of  travel  was  through  the  vascular  bundles  and  the  epidermal 
tissue  of  the  plant. 


CONTROL  MEASURES 

Before  the  discovery  of  the  herbicidal  properties  of  2,1*-D, 
little  progress  had  been  made  xrith  chemicals  that  xrere  capable  of 
destroying  ailigatorweed  and  -water  hyacinth.  Considerable  attention 
had  been  given  to  mechanical  processes  that  would  keep  the  channel- 
wgy3  of  navigable  waters  free  from  weeds.  Wunderlich  has  been  actively 
engaged  in  research  in  thi3  field  for  many  years.  One  of  the  water 
hyacinth  destroyers  devised  by  Wunderlich  (65)  was  called  Destructor 
"Kenny."  The  water  hyacinth  was  lifted  out  of  the  xrater  on  an  endless 
belt  conveyor,  from  which  they  were  passed  between  heavy  power-driven 
rollers  that  crush  the  plants  into  pulp.  Other  methods  (Hi, 73)  used 
included  dragging  the  plants  out  onto  banks  by  various  methods  such 
as  conveyors  or  drag-line.  Sawboat3  have  also  been  used  to  cut  through 
solid  infestations  in  order  to  operate  a  spray-boat  in  the  wateruay. 
Hitchcock  et  al.  (31)  reported  that  ailigatorweed  chopped  into  two- 
inch  lengths  reinfested  the  original  area  within  five  months,  while 
five-inch  lengths  reinfested  only  two-thirds  of  the  original  area. 

Brown  and  Carter  (15)  report  regrowth  from  nodes  cut  dorna  to  as  little 
as  one-eighth  inch  in  length  and  from  pieces  of  underground  storage 
roots  one-half  inch  long.  This  would  indicate  that  ailigatorweed  could 
be  cut  up  too  small  and  that  probably  more  complete  sprouting  took 
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place  in  the  plants  chopped  to  two-inch  lengths  or  smaller.  VJhile 
extremely  effective  for  the  temporary  control  of  water  hyacinth,  such 
mechanical  measures  have  been  effective  for  only  a  3hort  time.  These 
mechanical  devicos  (26)  probably  could  aid  the  spread  rather  than 
control  the  spread  of  alligatorweed.  However,  when  no  other  measures 
of  control  wore  available,  these  mechanical  processes  have  kept 
navigable  and  other  water  areas  useable. 

Bitancourt  (13)  reported  that  a  fungus  seems  to  exert  some 
degree  of  control  of  alligatorweed  in  South  America.  However, 
mycologists  have  been  unable  to  isolate  the  organism  in  pure  culture 
to  tost  it  for  introduction  into  the  United  States. 

Considerable  work  has  been  dono  in  Louisiana  on  alligatorweed 
control  by  flaming  (29}.  Arceneaux  and  Hebert  (5)  studied  the  affect 
of  flaming  on  the  total  percent  soluble  solids  in  juice  extracted 
from  alligator  wed.  Flaming  of  alligatorweed  was  done  every  week 
and  every  two  woks  throughout  a  growing  season.  Samples  of  alligator- 
weed  were  taken  five  times  during  the  growing  season.  They  found  a 
75  percent  reduction  in  soluble  solids  when  alligatorweed  had  been 
flamed  six  to  eight  times  in  one  season.  More  frequent  flaming  was 
no  more  effective  and  less  flaming  gave  poorer  control.  Their 
results  indicate  that  this  starvation  process  of  alligatorweed  wa3 
quite  slow.  Further  experiments  by  Arceneaux  and  Hebert  (6)  showed 
that  an  extremely  heavy  infestation  of  alligatorwed  will  reduce 
yield  of  sugar  cane  from  32.79  ton/A  to  3.36  ton/A  and  the  wight 
per  3talk  from  1.79  lb.  to  0.77  lb.  They  report  that  12  weekly 
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burnings  reduced  alligator-weed  to  l.U  percent  of  that  found  in  areas 
where  soybeans  had  been  used  as  a  cover  crop  and  turned  under  with 
alligatorueed.  Sherwood  (I|9)  reported  that  cane  production  uas 
reduced  two  to  four  tons  par  acre  in  moderate  alligatorueed  infestations. 
Further  evidence  by  Arceneaux  and  Hebert  (7)  gave  support  to  various 
cultural  practices.  They  proposed  planting  Mali lotus  indica  (L. )  All. 
about  January  17.  IJhen  Melilotus  matures  about  May  2  flame  the  area 
three  times  in  xreekly  intervals,  then  plow  and  disc  and  plant  Tifton 
Sudan  grass  with  Melilotus  indica  again  about  October  16.  This  practice 
has  resulted  in  a  percent  decrease  in  alligatorueed  roots  the  first 
year.  The  common  practice  of  that  area  at  that  time  uas  to  plant 
soybeans  in  6  foot  rows  as  a  competitive  crop  to  alligatomeed.  They 
recommend  that  soybeans  should  be  planted  in  six-inch  spacings  and 
should  be  harvested  for  hay  rather  than  plowed  under  as  is  usual.  This 
practice  gave  £7  percent  control  of  the  underground  portion  of  alligator- 
weed  in  one  year. 

Brown  and  Carter  (19)  concluded  that  moxring  and  burning  were  rather 
ineffective  operations,  because  alligatoruaed  burned  as  many  as  16  times 
in  one  year  still  had  regrowth,  Ploiring  five  times  or  disking  16  times 
per  year  uas  ineffective.  Seventeen  cultivations  per  year  gave  fair 
control  with  only  a  feu  scattered  plants  remaining  at  the  end  of  the  year. 
Their  best  results  were  obtained  by  burning  prior  to  cultivation. 

Broun  and  Carter  (lc0  also  tried  many  potential  herbicides  which 
included;  ammonium  sultanate,  ammonium  sulphate,  ammonium  thiocyanate 
plus  tractor  fuel,  a  sodium  chlorate  mixture,  borax,  chloropicrin. 
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copper  chloride,  coppor  sulphate,  a  dichloropropyleno  propane  mixture, 
dinitro  ortho  phenols,  ferric  sulphate,  ferric  sulphate  plus  sulphuric 
acid,  ferrous  sulphate,  sodium  dinitro  ortho  cresylato,  a  powder  of 
dinitro  ortho  creool  trichlorobutano,  and  3averal  other  coded  and  pro¬ 
prietary  products*  Tho  most  promising  of  these  chomicalh  in  their 
toots  seemed  to  bo  borax,  animate,  and  chlorates.  They  also  tried  the 
following  substituted  phono^y  compounds?  2,U-D,  2,14,5-trichlorcphenoxy 
acetic  acid  [2,l5,5-T]j>  P-chlorophonaxy  acetic  acid,  monochloroacetic 
acid,  2,lp-dicMorophonojyacotamido,  tho  sodium  and  cthylacotate  salt3 
of  2,1*-D,  ^-chloro-2-tojiyacetic  acid,  and  other  2,h-D  materials  under 
trade  names  and  ccdo  numbers  that  are  presently  obsolete.  Their 
preliminary  results  indicated  that  2,lj-D  showed  considerable  premise 
for  controlling  alligatorweod  in  terrestrial  sites. 

Further  experiments  with  2, U— D  try  Brown  and  Holdeman  (16) 
showed  that  fairly  good  control  of  alligatorvjeed  was  obtained  with  a 
2  lb.  application.  This  treatment  prevented  regrowth  for  8  to  12  weeks 
and  ly  then  tho  cane  was  largo  enough  to  have  a  shading  effect  on 
all i gator weed •  Applications  wore  made  on  a  broadcast  basis  po3t- 
emergent  to  tho  cane  when  the  alii  ga  to  meed  was  three  to  eight  inches 
tall.  Regrowth  following  application  resulted  first  after  treatment 
with  the  amino  formulation,  then  the  sodium  salt  and  finally  the 
esters,  Sherwood  (it?)  reported  that  can©  production  was  reduced  two 
to  four  tons/A  in  moderate  alligatorwoed  Infestations,  Ko  later 
pointed  out  (50)  that  2,iH3  usage  over  a  period  of  three  growing 
seasons  had  relegated  alii gat orweod  to  a  place  of  comparative 
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unimportance  as  a  ueed  on  sugarcane  lands.  Protection  afforded  from  1 
alligatorueed  by  the  use  of  2,U-D  in  sugarcane  in  Louisiana  had  an 
estimated  value  of  five  million  dollars  par  year, 

2ur  Barg  (79)  reported  tint  even  though  2,U-D  easily  controlled 
alii  gator  ueed  on  land,  it  uas  unsatisfactory  then  the  plant  ms  grow¬ 
ing  on  water.  Fair  control  uas  obtained  by  making  heavy  applications 
of  emulsifiahle  orthodichlorobensene.  He  also  reported  some  promise 
uas  given  by  an  eraulsif iable  mixture  of  carbon  tetrachloride  and  oil 
containing  2,U-D,  Using  2,1|-D  dissolved  in  tributylphosphate  with 
kerosene  as  a  carrier  gave  complete  control  of  alligatorueed  groinng 
in  a  tank  (19).  The  alligatorueed  uas  growing  in  mud  and  uas  emergent 
in  water  0  to  7  inches  deep,  Lou  concentrations  of  2,1a-D  xjere  not 
effective.  The  spray  solution  uas  applied  at  30  gal/A  (equivalent  to 
2h  lb/A  a,i,),  Surber  (6U)  suggested  a  one  percent  solution  of  2,U~D 
to  control  alligatorueed,  but  he  did  not  state  the  gallonage  par  acre 
to  be  used,  Arceneaux  and  Hebert  (8)  conducted  experiments  in  sugar¬ 
cane  and  found  that  a  one  lb/A  application  of  2,li-D  sodium  salt  repeated 
three  times  per  year  over  a  period  of  three  years  gave  complete  elimi¬ 
nation  of  alligatorueed.  Observations  showed  only  l!*.9  percent  of  the 
alligatorueed  remaining  at  the  end  of  first  year  after  these  treatments 
and  only  0,09  percent  remaining  el  the  end  of  the  second  year, 

Hitchcock  and  Zimmerman  (31,78)  conducted  quite  a  large  number 
of  experiments  on  the  control  of  alligatorueed.  Their  results  showed 
that  2,li-D  amine  at  8  lb/A  gave  good  control  of  alligatorueed  growing 
out  over  water  and  loosely  attached  to  the  bank.  Best  results  were 
obtained  when  applied  in  September  or  October,  The  plants  would  break 
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loose  from  the  pond  periphery  and  then  sink0  Where  the  plants  rare 
rooted  in  the  bottom,  the  submerged  stera3  mould  regrow  and  control 
Ka3  not  obtained.  Good  results  were  obtained  by  malting  applications 
during  periods  of  low  water*  Applications  of  0  Ib/A  2,Ii-D  on  chopped 
alligatorwoed  gave  a3  good  control  a3  when  applied  to  normal  growing 
stands. 

They  found  that  low  pressure  applications  (130  p3i  or  less) 
wore  more  effective  than  sprays  delivered  at  pressures  above  150  p3i. 
Helicopter  applications  delivering  2  gal/A  of  spray  solution  were  most 
efficient  in  field  scale  applications.  They  compared  various  spraying 
systems  and  found  that  a  TOC  1^  in.  boomjot  delivering  75  8al/A  or 
less  was  next  mo3t  efficient  following  helicopter  applications,  and 
then  a  gun- type  sprayer  applying  150  to  200  gal/A  ms  next  mo3t 
efficient. 

Floating  mats  of  alligatorvrced  in  their  test3  exhibited  little 
or  no  growth  and  could  not  survive  more  than  21  months  unless  it3 
roots  were  anchorod  in  soil.  2,1*<,5-T  gave  good  control,  but  3ome  of 
the  better  treatments  took  21  months  for  the  alligatorwoed  to  sink. 

The  amine  of  2,lt,5-T  gave  99  percent  control  compared  to  90  percent 
for  the  ester  formulation  in  a  single  October  treatment  when  evaluated 
seven  to  nine  months  later.  Mixed  stands  of  alligatorweed  and  water 
hyacinth  were  controlled  by  spraying  in  April  and  in  June  at  8  lb/A 
of  2,lHQ  amine.  The  plants  had  conpletcly  sunken  by  July  28  (78). 
Carey  (18)  recommended  this  type  program  but  3tated  that  follow-up 
treatments  needed  to  be  made  in  succeeding  years.  Such  a  program 


should  lead  to  a  maintenance  problem  within  a  five-year  period,, 

Baldwin  and  Ball  (10)  failed  to  control  alligatorxieed  with 
2,lx-D  treatments  made  three  to  six  times  per  summer  over  a  four-year 
period 0  They  indicated,  hox/ever,  this  would  keep  the  weed  on  the 
canal  banks  or  at  the  mter  edge  and  allow  boat  passage ,  They  also 
applied  ammonium  sulfamate  [AMS],  isopropyl  N-(3-chlorophenyl) carbamate 
[CIPC] ,  trichloroacetic  acid  [TCA],  2,li,5-T,  diesel  oil,  nitrate  of 
soda,  and  crushed  limestone  at  various  rates  on  drained  soil,  but  did 
not  obtain  complete  elimination  of  alii  gat  orxreed  in  one  season,  Soil 
sterilants  giving  control  on  dry  soil  followed  by  some  flooding  were 
Polybor-chlorate  10  to  20  lb/100  sq.  ft,  (either  dry  or  wet),  Borascu, 
or  Atlacide  each  at  20  to  30  lb/100  sqe  ft„  This  is  in  general 
agreement  with  Wilson  (75)  who  reported  good  results  with  Borascu  at 
10  tons/A.  Indications  were  that  more  was  required  on  dry  land  which 
was  not  flooded, 

Eggler  (22)  uorked  xjith  alligatorweed  of  various  groxrth  habits. 
One  experiment  was  conducted  in  a  borroxj  pit  xjith  3  to  15  feet  of 
water  xrith  alii  gator  xxeed  groxring  out  from  the  banks  over  the  xjater* 

A  2-lb,  application  of  2,li-D  xias  ineffective,  and  part  of  the  area  wa3 
retreated  xxith  a  single  8-lb,  application  and  the  rest  of  the  area  xjas 
treated  txxice  xjith  an  8-lb,  application.  Both  treatments  gave  95 
percent  control,  and  would  need  to  be  repeated  in  succeeding  years  to 
control  regrowth.  Lighter  applications  failed  to  give  sufficient 
control  and  a  10-lb,  application  xias  no  more  effective  than  the  8-lb, 
rate.  Generally,  little  kill  xjas  obtained  below  the  water  line  or 
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soil  surface,  which  indicates  poor  doxmward  translocation  of  2,U-D 
in  alligatorwocd. 

Ilartin  et  al.  (30)  reported  discouraging  results  with  2,h-D, 
They  state  that  erbon  at  I4. 0  lb/A  gave  good  control  on  dry  land  where 
flooding  did  not  occur  for  two  months  after  treatment.  These  investi¬ 
gations  were  conducted  on  a  sandy  soil.  Folybor -chlorate,  Borascu, 
or  sodium  chlorate  eliminated  alii gat or weed  when  applied  at  two  or 
three  tons  per  acre.  They  also  report  that  in  flooded  sites  2-(2,hfS- 
tricbloropheno:xy)propionic  acid  [silvex]  at  I4O  lb/A  and  l-n-butyl-3- 
(3ah-dichlorophcnyl)-l-methylurea  [neburon]  at  32  lb/A  gave  good 
results.  Various  herbicidal  mixtures  also  showed  promise.  They 
include;  neburon  16  lb/A  +  silvex  20  lb/A,  TI3A  mixture  at  6  lb/A  + 
silvex  at  20  lb/A,  and  the  3ame  rate  of  3ilvex  with  33  lb/A  of  2,2- 
dichloropropionic  acid  [dalapon]. 

Stephens  and  Seaman  (39)  have  reported  good  control  of  alli- 
gatorweed  by  use  of  weighted  emulsions  of  2,i.t-D  in  quiescent  water. 
2,iHD  is  applied  at  rates  of  6.7  to  8  lb/A  with  the  specific  gravity 
of  the  spray  solution  adjusted  with  xylene  or  chlorobenzene  and 
emulsifier  to  slightly  over  1.0. 

The  U.  3.  Fish  and  Wildlife  Service  ha3  done  considerable  work 
on  alii  gat  onreed  control.  Much  of  the  war  k  conducted  by  its  Branch 
of  Wildlife  Refuges  has  been  of  necessity  exploratory  in  nature. 
Relatively  few  chemicals  wore  available  to  research  workers  prior  to 
19I>2,  but  since  that  time  many  new  herbicides  have  been  discovered 
and  developed.  A  large  part  of  the  work  conducted  oh  alligatorweed 
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over  the  past  eight  years  has  been  done  by  or  in  cooperation  tilth 
the  Fish  and  Uildlife  Service.  The  follouing  portion  of  this  report 
is  concerned  with  the  review  of  the  unpublished  reports  of  the  Fish 
and  Uildlife  Service. 

Experiments  conducted  in  1953  on  the  Savannah  Refuge  (66) 
showed  that  flooding  of  alligatorweed  follouing  treatment  uith  2,11-0 
at  8  lb/A  gave  best  results.  Lighter  applications  even  ijhen  repeated 
three  times  per  year  were  ineffective  as  regrouth  was  100  percent  the 
follouing  year.  The  addition  of  a  netting  agent  to  2,J*-D  did  not 
enhance  the  topkill.  Maleic  hydrazide  [Mil]  applied  at  rates  up  to 
20  lb/A  uas  rather  ineffective. 

Considerable  uork  uas  done  by  the  personnel  of  the  Sabine, 
Lacassine,  and  Savannah  Refuges  in  195>U  (6?).  They  verified  the 
previous,  1953,  work  that  wetting  agents  added  to  2,h-D  did  not 
increase  the  topkill  of  all i  gat  o  rwe  ed  ,  2,8-D  applied  at  8  lb/A, 

as  one  treatment  or  in  split  treatments,  uas  quite  effective  the 
first  year.  Tito  granular  formulations  of  2,8-D  were  also  applied  at 
h,  8,  and  12  lb/A  to  rooted  alii gator weed.  Some  plots  had  no  water 
standing  in  the  area  throughout  the  length  of  the  test.  The  results 
were  spotty  and  the  best  first  year  control  obtained  uas  90  percent. 
There  was  no  difference  between  the  15/30  or  30/60  mesh  granules  of 
2,h-D.  Silvan  applied  at  12  or  16  lb/A  twice  in  one  growing  season 
did  not  allow  regrowth  by  late  that  fall.  These  treatments  appeared 
to  be  batter  than  2,h-D  treatments.  3-Aniino-l,2,l*-triazole  [amitrol] 
at  rates  up  to  80  lb/A  did  not  have  a  permanent  affect  upon  alligator- 
weed.  Dalapon  at  60  lb/A  applied  to  a  floating  alligatorweed  mat  was 
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fctmd  to  bo  effective  on  ono  refuge,  but  wa3  quite  ineffective  on 
rooted  all i go. to rwoed  on  another  refugee 

Ikporircants  with  dalapon  were  continued  in  1955,  but  the 
results  ware  not  consistently  good  (68)  e  Best  topkill  was  obtained 
where  thoro  was  no  standing  water,  and  even  then  rates  of  50  and 
60  Xb/A  were  requirode  An  application  of  2,3,6-trichlorobensoic 
acid  [2,3,6-TBA]  wa3  quito  ineffective  when  two  treatments  each  at 
12  Ib/A  were  made  in  ono  soason,  either  on  floating  or  roofed  alii— 
gatoruaodo  Silvex  at  rates  of  2  to  3-6  Ib/A  applied  twice  in  one 
growing  soason  Gave  best  control  of  alligatarwced  growing  as  floating 
matSo  Single  applications  were  insufficient  and  probably  further 
retreatment  would  bo  required  for  control  the  second  year*  Stiles 
(61)  reported  good  results  with  a  weighted  emulsion  treatment  of 
2,lHD  applied  at  approximately  2  lb/A  to  floating  mats  on  the  Hillsboro 
Canal  • 

Further  casperimonta  (69)  on  the  comparison  of  2,U-D  and  silvex 
showed  that  a3-ligatorweed  recovered  from  light  rates  of  2,li-D  about 
one  month  sooner  than  from  light  rates  of  silvex.  High  rates  of 
2- ( 2 , h, 5- tr icblor ophenoxy ) etiyl  2,2-dichloropropionate  [erbon],  70  to 
l60  lb/A  were  applied  on  the  Savannah  and  Sabine  Refuges  with  consider¬ 
ably  different  results .  Applications  were  made  on  alligatorweed 
growing  in  a  terrestrial  site  on  both  Refuges.  Results  on  the 
Savannah  Refuge  showed  orbon  to  be  quite  ineffective,  while  erbon 
resulted  in  100  percent  control  on  the  Lacassino  Refuge.  There  w as 
a  stand  reduction  in  theso  areas  on  the  Savannah  Refuge  in  1957  (70), 
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but  not  complete  control*  Amitrol  applied  at  £  to  30  lb/A  was 
ineffective  in  19£6  (69). 

PVbon  applications  continued  to  result  in  various  degrees  of 
control  (£6,70).  The  addition  of  various  amounts  of  dalapon  did  not 
increase  the  effectiveness  of  erbon  at  any  of  the  rates  tested. 
Dalapon,  2,2,3-trichloropropionic  acid  [2,2,3-TPA],  erbon,  silver, 
amitrol,  and  2,li-D  wore  applied  at  various  rates  to  alii  gat  orweed 
growing  in  a  drainage  ditch.  None  of  the  treatments  uere  still  giving 
control  the  following  summer  with  the  possible  exception  of  the  l*0~lb« 
rate  of  erbon. 

Silvex  at  1*0  lb/A  applied  in  June  or  July  to  floating  mats  of 
alligatorueed  had  given  complete  control  as  indicated  by  observations 
the  following  April  (£6).  l~n-butyl-3-(3,h-dichlorophei^l)-l= 
methylurea  [neburon],  3-(p“Chlorophenyl)-l,l-dimothylurea  [monuron], 
dalapon,  erbon,  amitrol,  and  several  trichlorobenzoic  acid  materials 
or  derivatives  were  not  effective  in  controlling  alligatorueed. 
Combinations  of  silvex  with  neburon,  dalapon,  or  TBAj  dalapon  with 
TEA,  neburon,  and  amitrol ;  neburon  with  TBA  and  amitrol j  and  TEA  with 
amitrol  for  the  most  part  gave  better  control  than  either  chemical 
alone,  but  control  was  still  insufficient.  Stiles  (62,63)  reported 
that  an  ester  formulation  of  2,1*-D  applied  at  3»3b  lb/A  to  a  stand 
of  alligatorueed  growing  along  a  perimeter  dike  gave  only  a  £0  percent 
reduction  in  the  stand. 

Steenis  (£7)  reported  that  neburon  pellets  at  1?|  lb/A  were 
giving  good  control  of  alligatorueed  in  flooded  sites  the  first  year. 


-  20  - 


0. 

tout  wero  net  effective  tho  second  year  after  treatment  (58). 

2,  b/-Dlchlorophixioxy  acetamide  at  5  to  i|0  Ib/A  has  given  good  initial 
topic  ill,  but  there  has  boon  considerable  rogrowth.  Mixtures  of  . 

oilvox,  2-motliyl-li-chlorophenojcyacetic  acid  [HCPA],  or  emid  Tilth 
amitrol  havo  shown  promise.  The  water  in  oil  emul3ion3  of  2,ii-D 
end  oilvex  applied  at  h  to  8  lb/A  wore  not  effective  on  alligator- 
wacd  growing  in  any  of  tho  three  liabiuats  (71).  Granular  formu¬ 
lations  of  2,l*-D  applied  at  10,  20,  and  iiO  lb/A  were  not  effective 
on  rooted  alligatorweed  rcgardlo33  of  tho  flooded  or  dry  nature  of 
tho  soil.  2A5-T  at  20  and  I4O  lb/A  and  1-  to  -1  mixture  of  2,14,5-1 
and  2,li-D  granules  each  at  10  and  20  lb/A  were  ineffective  on 
alii gat orweed  growing  rooted  in  a  moist  site.  Froe-f looting  or 
rQLightly  attached  alligatorweed  was  mostly  dead  following  treatments 
of  218  and  h36  lb/A  of  2,l4-D,  200  lb/A  2,14, 5-T,  and  a  100  lb/A 
combination  treatment  of  both  chemicals,  when  applied  as  the  granular 
formulation. 

Ball  (11)  has  made  a  considerable  number  of  aerial  treatments 
of  various  herbicides  over  the  last  few  years.  He  has  found  that  the 
isopropyl  ester  and  the  alkanolaraino  formulations  of  2,li-D  at  rates 
from  2  to  8  lb/A  have  given  only  topkill,  even  when  applied  as  many 
as  four  times  during  one  growing  season.  Pelleted  formulations  and  $ 

weighted  emulsions  of  2,li-D  have  also  been  ineffective  when  applied 
by  airplane. 

HcJJLinger  (i|l)  has  reported  inconsistent  results  with  silvex 
at  2  to  16  lb/A  with  spring  treatments  completely  rc grown  by  fall. 

1 
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Control  of  alligatorweed  was  quite  good  where  three  applications  of 
8  lb/A  ware  applied  during  one  growing  season.  The  1-  to  -1  mixture 
of  2,8-D  -  2,8, £-T  was  not  effective  where  applied  as  one  treatment 5 
however,  three  applications  each  at  8  lb/A  gave  98  percent  control  the 
first  year*  The  same  control  tras  obtained  following  three  applications 
of  a  mixture  containing  one  lb.  silvax  and  three  lb.  dalapon  ester  per 
gal*  each  at  3  gal/A.  He  did  not  find  emid  more  effective  than  2,8-Do 
Experiments  were  conducted  thereby  the  topgroirth  of  2,8-D  was  killed 
hack  by  2  lb/A  2,lj-D  and  then  a  second  treatment  of  a  weighted  emulsion 
of  2,8-D  or  silvex  (specific  gravity  1.03)  was  applied  at  8  to  8  Tb/A0 
Topkill  was  complete,  but  none  of  the  treatments  resulted  in  eradi¬ 
cation.  Amitrol-T  at  rates  of  1,  3,  and  5  lb/A  applied  in  two  appli¬ 
cations  in  August  were  ineffective  for  alligatorweed  control,, 

ANALYSIS  OF  RESEARCH  TO  DATE 

Considerable  work  has  been  done  on  control  of  alligatorweed. 

Many  of  the  results  are  conflicting,  and  good  as  well  as  poor  results 
can  be  found  for  the  same  chemicals  and  at  various  ranges  of  rates 
for  each.  Part  of  the  poor  results  can  be  explained  by  environmental 
conditions  that  hindered  or  altered  the  action  of  the  herbicide.  It 
also  appears  that  results  reported  often  were  not  based  on  experimental 
data  but  on  visual  observations  of  an  effect  of  factors  other  than 
herbicidalo  Many  factors  enter  into  the  response  of  a  plant  to  a 
certain  treatment.  These  include  chemical,  formulation,  rate  of 
£p.  ■  application,  method  or  means  of  application,  stage  of  plant  growth. 
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dato  of  observations,  follow-up  treatments,  intrusion  or  association 
of  other  plants  into  tho  experimental  area,  and  proper  experimental 
design  to  all  at  i  concise  interpretation  of  the  re3ult3«  All  of  the 
environmental  factors  can  have  and  do  have  a  decided  effect  upon  the 
results.  It  is  exceedingly  difficult  for  one  to  interpret  hi3  aun 
e:xperimental  results  when  all  theso  factors  aro  known,  and  it  is  almost 
impossible  for  another  to  interpret  results  without  knowledge  of  many 
unrecorded  factors  and  data0 

It  was  decided  to  tabulate  tho  data  from  a  few  of  the  more 
representative  treatments  and  analyze  tho  value  of  the  data.  This  wa3 
done  to  allow  interested  individuals  a  more  critical  look  at  the  results 
of  various  chemicals  applied  to  date.  Iho  results  have  been  classified 
iy  the  three  growth  habit3  of  all i gate  nice d,  dry  soil  or  field  condition 
(table  1),  emergent  or  rooted  and  followed  by  flooding  (table  2),  and 
froo-lloating  or  loosely  attached  (tablo  3). 


CONCLUSIONS 


A  review  and  analysis  of  tho  research  reported  to  date  on 
alii gator weed  indicate  that  while  much  has  been  done,  no  completely 
satisfactory  answer  is  available.  Tho  main  difficulty  may  be  the  lack 
of  downward  translocation  of  herbicides  in  alligatorweed.  Poor  down¬ 
ward  translocation  was  indicated  whether  the  plant  was  growing  on  soil 
or  in  the  mter.  It  would  appear  that  more  research  under  controlled 
or  3emi-controllod  conditions  is  needed  to  allow  best  interpretation 
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of  results.  More  adequate  experimental  design  is  needed  uith  frequent 
and  thorough  recording  of  experimental  methods  and  results a 

Much  of  the  Southeast  has  been  sprayed  for  uater  hyacinth 
control  since  the  survey  of  19lj6-h7  and  some  alligatorueed  control 
has  been  reported.  It  is  possible  that  the  competition  once  afforded 
by  uater  hyacinth  has  been  eliminated  and  alligatorueed  has  spread | 
on  the  other  hand,  control  measures  may  have  reduced  the  stands  of 
alligatorueed.  Another  survey  such  as  that  made  in  19U6-U7  uould  be 
most  informative  and  uould  be  especially  useful  if  the  infestations 
oould  be  mapped  a3  type  of  habitat  in  xjhich  it  is  groxjing:  (l)  non- 
flooded  terrestrial  sites,  (2)  permanently  or  periodically  flooded 
sites  uhere  the  plant  is  rooted,  (3)  flooded  sites  either  free- 
floating  or  loosely  attached. 

Considerable  interest  has  been  placed  upon  mechanical  devices 
uhich  could  be  used  to  destroy  alligatorueed.  It  uould  appear  from 
the  literature  that  such  devices  uould  have  to  destroy  the  nodes  of 
alligatorueed  by  crushing  or  some  other  means  in  order  to  be  most 
successful o 

Research  over  the  period  of  the  next  four  or  five  years 
should  yield  information  that  can  be  used  to  progressively  eradicate 
alligatorueed.  Houever,  until  such  time  as  better  herbicides  or 
practices  are  developed,  the  regular  use  of  silvex,  and 

perhaps  certain  soil  sterilants  offers  the  best  promise  of  success 
in  a  control  program. 


-  32  - 


ACKNOWLEDGE  IENT3 

The  writer  wishes  to  express  his  most  sincere  gratitude  to 
Dr*  Do  E0  Seaman  and  Mr.  J«  C.  Stephens  for  malting  available  their 
rather  complete  literature  files  on  alligatorwood;  to  Mr.  Paul  F. 
Springer  and  Mr<>  John  H0  Steenis  for  obtaining  and  making  available 
the  mai^y  unpublished  reports  of  the  U.  3.  Fish  and  Wildlife  Service 
concerning  alligatorweed5  and  to  those  who  have  directly  or 
indirectly  assisted  in  locating  literature  and/or  have  reviewed 
this  report. 


LIST  OF  ABBREVIATIONS  FOR  CHI1TICA13 
RFi'l.RRt.D  TO  IN  THIS  RbhORl 


Abbreviate  on 


Chemical  Name 
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neburon 

mormron 
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dalapon 


2 , 1  j~d i chlor ophenoxya.ee t i c  acid 
2;,I^5-trichlorophencxyacetic  acid 
2, U-d 1 chlor ophonoxyacet amid  e 
2-methyl-lj~chlorophcnoxyacotic  acid 
isopropyl-N-  (3~clxLorophcnyl )  carbamate 
tricliloroacetic  acid 

2- (2^1j-,5"trichlorophonoxy)propionie  acid 

J.-n -butyl-  3  -  {  J,  U-dlchlorophenyl )  -l-mothylurea 

3-  (p-chlorophonyl)-l , 1-dime thy lurca 
trichlorobenzoic  acid 

2-(2,b,5-trichlorophenoxy)ethyl  2,2-di.chloropropionate 
2,2-dichloropropionic  acid 


i. 
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